Space-time deScription of dengue outbreakS in cruzeiro, São paulo, in The Global Moran's I is a global measure of spatial autocorrelation, which indicates the degree of spatial association in the set of information from the product in relation to the average. The I varies between -1 and +1 and can be attributed to a level of significance (p-value). The positive value points to a positive or direct spatial autocorrelation. Conclusion: we were able to identify patterns in the spatial and temporal distribution of dengue cases occurring in the city of Cruzeiro, SP, and locate the census sectors where the outbreak began and how it evolved.
IntroductIon
In the 1980's, new cases of dengue were reported in Brazil 1 and in the state of São Paulo, and in 1986 dengue was defined as a disease requiring compulsory notification. 2 The Vale do Paraíba suffered a dengue outbreak in 2002, on the state's northern coast, municipality of São Sebastião, with 972 indigenous contaminations. 3, 4 A study conducted in the city of São José do Rio Preto between September 2001 and August 2006 using a spatial approach enabled the identification of areas at higher risk for the occurrence of dengue fever, concentrated in the north part of the city. The geocoding process was obtained through equalization of the addresses of dengue cases with the segment map supplied by the city hall. 5 Georeferencing and spatial analysis techniques have been increasingly used to assess the distribution of vectors and diseases transmitted by them, contributing to improved surveillance and control activities. Its greatest use is to outline strategies dependent upon the different realities of which the city is composed. Thus, the use of these tools enables the identification of risk areas that deserve intensification and/or prioritization of control measures. Souza-Santos & Carvalho 6 demonstrated that the analysis of spatial data is an important tool in the surveillance and control not only of Aedes aegypti, but other insect vectors.
In the same manner, we can cite articles by Barbosa and Lourenço 7 which verified that the incorporation of geoprocessing and spatial analysis techniques in the program, provided that these are used immediately after conducting the activities, can contribute to control actions, indicating the spatial clusters with greater incidence. Carvalho and Nascimento, 8 who conducted the first study in São Paulo's Vale do Paraíba, using geoprocessing techniques to study the spatial and temporal distribution of dengue fever, were able to identify a pattern of the outbreak occurring in the city of Cruzeiro in 2006.
This article has the objective of identifying patterns in the spatial and temporal distribution of dengue cases occurring in the city of Cruzeiro in the months of March, April, May and June 2006, compared with the same months in 2011. The two years chosen can be justified by the occurrence of outbreaks, and the months listed correspond to the period with the greatest incidence of cases.
methodS
The area under study refers to the city of Cruzeiro located at the far eastern end of the state of São Paulo, in the region known as Vale do Paraíba; latitude 22º 33' South and longitude 44º 60' West, at an altitude of 514 meters, occupying 331 km², 36 km² of which constitutes urban area, and 295 km² rural area (Figure 1 ). 9 Figure 1 Location of the city of Cruzeiro with territorial boundaries and highlighting the Presidente Dutra Highway. 10 The climate is tropical (hot and humid), with temperatures varying between 20 and 27°C. The hottest months are from November to April, and the coldest between May and October. Rain is most present between December and March, with January being the wettest month. The driest period is covered between the months of June and September.
The cases of dengue fever occurring in the city are notified to the Municipal Epidemiological Surveillance sector and confirmed by laboratory or clinical-epidemiological criteria in accordance with guidelines from the Ministry of Health.
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The ecological and exploratory study consisted in listing the cases of dengue fever reported and confirmed, identifying the address and the date of onset of the first symptoms, and distributing the data on the city map in accordance with the 96 census sectors for the year 2000 provided by the Brazilian Institute of Geography and Statistics (available at: downloads.ibge.gov.br/downloads_ geociencias.htm).
The following approach were used to verify the association between the incidence of dengue, and mapping of cases in the years 2006 and 2011 for the months of March, April, May and June; spatial statistical analyses were used to check for autocorrelation using the Local and Global Moran's I and the Kernel estimator.
To identify the presence of spatial autocorrelation, the Global Moran's I was used (I M ), which analyzed if there were any sector clusters with high rates, and clusters with low rates. The I M varies between -1 and +1 and may be attributed a significance level (p-value), considering the rates of each census sector in relation to the rates of neighboring sectors, and the average of this rate.
Once calculated, it is important to establish its statistical validity, estimating its significance. If this value corresponds to an extreme simulation of a distribution, it is a value with statistical significance. The closer to 1 (one), the greater the similarity between neighbors. The value 0 (zero) indicates that there is no correlation, and negative values indicate dissimilarity. The public domain application TerraView developed by the Image Processing Division (DPI) of the National Institute of Spatial Research was used (available at: www.dpi.inpe.br/terraview/index.php).
The Kernel estimator, as stated, evaluates the events using analysis units. Taking into account that the population data is grouped and the official minimum grouping unit is the census sector, when attributing the known population data to the centroid of the region, there is the possibility of estimating the intensity of this process (population) using a Kernel function. The darker areas (hot spots) correspond to the higher density of cases. Table 1 . It can be seen that the Global Moran's I was significant in the months of April and May, with a positive autocorrelation.
In 2011, 654 cases of dengue fever were georeferenced (rate of 886.8 cases/100,000 inhabitants). The first cases also occurred in March, in the north, northeast, central, south and southeast regions, with latter cases occurring in the north region. In the month of March, 70 cases were registered, varying from 0 to 14 per census sector, while in April, 292 cases were recorded, varying from 0 to 24, 279 cases in May, varying from 0 to 26, and 13 cases in June, varying from 0 to 2 cases per census sector. It was not possible to identify the address of 55 confirmed cases. The impossibility of geocoding these cases was due, above all, to the absence or insufficiency of data contained in the Sinan database and failure to complete the Notification Form. The thematic maps with distribution of cases ( group immunity against this agent can be identified as possible factors that led to the occurrence of the outbreaks, not only in the first wave, which occurred explosively, but also in the second, which had the highest incidence rate (864.2 and 886.8 cases per 100,000 inhabitants). At both times, the outbreak began in one region, spreading to almost all regions of the urban area, following the banks of the Paraíba do Sul river, highways and railways cutting across the city and responsible for the large circulation of people, products and vehicles. This trend was also noted in a study conducted in the city of Tupã, state of São Paulo. 7 In the month of April there was a sharp increase in the notification and confirmation of cases, possibly as a consequence of the presence of breeding sites in urban areas, susceptible population, high temperatures and heavy rainfall.
The quarterly coverage of the "House to House" program in the city was reached by disease control agents in almost the entire city. Even so, there were dengue fever outbreaks in the years 2006 and 2007. 12 In the Cruzeiro outbreaks, an explanation for the occurrence of cases concentrated in different regions of the city could perhaps be due to the decrease in susceptibility in the region where a larger number of cases occurred, thereby shifting the concentration of the outbreak to another area.
In this study, fewer new cases were registered from the month of June onward, with milder temperatures and lower humidity levels recorded. This strongly suggests that the adverse climate conditions for proliferation of the vector have an important role in the transmission of the disease in the city. 13 Three factors should be considered in the decrease in the number of cases in the outbreak: depletion of susceptible individuals; vector control interventions and unfavorable natural conditions, such as lower temperature and humidity, thereby reducing the vector population; and good sanitation conditions. Poorer areas that have good basic sanitation conditions may have the same levels of infestation as more affluent areas. On the other hand, areas with high coverage of water supply services and higher agglomeration of people in the same residence present higher concentrations of the vector.
14 In relation to susceptible individuals, it has been suggested that in 2006 only one type of virus circulated in the region, serotype DEN-3, and therefore people became immune after contact with the virus, a similar situation to that found in the city of Tupã. The month of March 2011 presented the highest density in the west region. In April, the hot spot was concentrated near to the Central region, facing north. In May, the highest density occurred in the Central region, spreading a little to the East, North, Northeast and Nest. In the month of June, the hot spot moved to the north-south region (Figure 3 ).
dIScuSSIon
In this study, conducted at two different times using geoprocessing techniques, it was possible to identify a spatiotemporal pattern of dengue outbreaks occurring in Cruzeiro in 2006 and 2011.
The introduction of the dengue virus in Cruzeiro produced two large scale waves of outbreaks in the classic form of the disease. The risk of occurrence of these outbreaks was foreseeable owing to the intense circulation of the virus in the region, as well as the incidence of the disease in neighboring cities.
The infestation of the mosquito that transmits the dengue virus, population density and the lack of a a'
In 2011, the circulating serotype was DEN-1, which arose in the city for the first time and was found in the entire susceptible population, including those already sensitive to DEN-3, resulting in another outbreak.
The Global Moran's I applied to the cases of dengue fever occurring in the months of March, April and May of 2006 and 2011 presented positive values, indicating a positive spatial autocorrelation. The values tend to be similar to neighboring sectors, indicating that the occurrence of cases of dengue fever in the city are connected, with a strong relationship between sectors, which is even stronger between nearby neighboring sectors. We must call attention to the fact that the Global Moran's I presented a positive spatial correlation for the months of April and (Figure 3) , it can be noted that the hot spot did not behave in the same manner during the two outbreaks. In 2006, the hot spot began in the central region and moved North-south and East-west, while in 2011, it began in the Center-west region and moved to the Central region and then finally the North-south and East-west regions.
In the months of April and May there was a sharp increase in the notification and confirmation of cases, possibly as a consequence of the presence of breeding sites in urban areas, susceptible population, high temperatures and heavy rainfall. The risk for dengue fever has also been identified in areas with the highest concentration of individuals, high economic diversity, strong population density, high household density, and high density of vacant lots (wasteland) in more remote districts of the central region. 15 Dengue control measures have been based exclusively on chemical control of the vector to the detriment of important factors modulating the disease transmission dynamics, especially those related to social determinants, such as spatial occupation and living conditions. Therefore, with each introduction of a new serotype there is a new outbreak. 15 The rapid growth of the urban population provides a major source of susceptible and infected individuals, concentrated in restricted areas. This fact, associated with poor sanitation, housing and cultural factors specific to large urban centers provides the ecological conditions favorable to the transmission of the dengue virus. 16 Therefore, it is understandable that locations with a higher proportion of urban population may have higher incidences of dengue. 17 The spatial relationship between the transmission of dengue and other variables, such as the level of immunity of the population, effectiveness of the control measures, degree of infestation by the vector, the habits and attitudes of the population, etc, must be assessed. It is important to reiterate that the studies using spatial location approaches and use of GIS, although recent in the scope of health sciences, have gradually become indispensable for the analysis of disease determination. 15 Despite epidemiological surveillance guidelines for dengue fever, when investigating the probable locations of infection considering residence, workplace and travel, in the investigation form standardized by the Ministry of Health, only data referring to the residential address are structured to allow precise localization of the case. Thus, analyses considering the patient's address as the risk factor exposure site assume that individuals are immobile and ignore any possibility of exposure at other places, for example, work or leisure environments. 18 With the use of information originating from public health services only, it is possible for some of the cases not to be computed, in addition to the occurrence of cases whose clinical manifestation are discreet, leading to underreporting. Other sources of errors can be considered, such as disappearance of exam results, undetermined diagnoses and failure to locate addresses.
Difficulties encountered in the georeferencing of reported cases of the disease, due to address problems, prevented the location of cases in census sectors. 1, 5 We cannot say where the focus of infection is exactly, since people can either have contracted the disease in their own homes, or at work, while in transit or anywhere else in the city. Even with the difficulties described above, the prompt location of cases or the aggregation of information in small areas, such as census sectors, can be quite enlightening. 18 The evaluation of different exposures to the factors involved in transmission allows us to identify geographic areas with a higher risk of infection, and this is fundamental to the development of programs for the prevention and control of dengue fever. Objetivo: identificar padrões na distribuição espaço-temporal dos casos de dengue ocorridos no município de Cruzeiro, SP. Métodos: foi desenvolvido um estudo ecológico e exploratório utilizando ferramentas de análise espacial e com dados de casos de dengue obtidos do SinanNet. Foi feita uma análise por área, tomando-se como unidade o setor censitá-rio do Instituto Brasileiro de Geografia e Estatística (IBGE). 
